devices. Single and bilayer MoS 2 junctions display relatively large critical currents (up to 2.5 µA) and the appearance of sub-gap structure given by MAR. In three and four layer thick devices we observe orders of magnitude lower critical currents (sub-nA) and reduced quasiparticle gaps due to proximitized MoS 2 layers in contact with MoRe. We anticipate that this device architecture could be easily extended to other 2D materials.
Introduction
Transition-metal dichalcogenides (TMDC), and in particular MoS 2 , have gained increased attention in the wake of the rise of graphene [1] [2] [3] . In contrast with graphene, single-layer MoS 2 is a semiconductor with a sizable, direct band gap of 1.8 eV [4] .
Among the unique attributes of MoS 2 , perhaps one of its most intriguing features is that the electronic band structure gradually changes with layer number [4] [5] [6] [7] [8] [9] . Besides the recent attention on heterostructures [10] [11] [12] [13] [14] , transport measurements of the layer dependent properties of van der Waals materials have been limited to basal plane transport. Few works study c-axis (across layers) transport [15] [16] [17] [18] and the dependence on flake thickness [19] . An interesting direction is the use of the well-known Josephson effect, whereby a supercurrent can flow between two superconductors connected by a tunnel barrier [20, 21] , as a probe of the layer dependent electronic properties of MoS 2 flakes. The Josephson effect is not only uniquely sensitive to the type of weak link (metallic, insulating, and recent van der Waals junctions [22] ) but also on the distance between two coupled superconductors. Recent theoretical works predict supercurrent reversal (0-π transition) with back gate doping in planar, monolayer, MoS 2 Josephson junctions [23] but an experimental observation of Josephson coupling in MoS 2 junctions has not been reported.
Here we probe the thickness dependence of interlayer electrical transport in MoS 2 flakes using the Josephson effect between two coupled molybdenum-rhenium (MoRe)
superconductors. In addition to slow oxide growth of MoRe thin films [24] , molybdenum itself has been shown to be an excellent contact metal for Schottky barrier-free contact to MoS 2 [25, 26] . Using this alloy, we fabricate high transparency vertical junctions with 1-4 MoS 2 layers. In single and bilayer devices we observe high critical currents (up to 2.5 µA) and multiple Andreev reflections (MAR). In trilayer and four layer devices we observe orders of magnitude lower critical currents and the appearance of a reduced quasiparticle gap in the voltage carrying states. We attribute the metallic weak link behavior of the single and bilayer devices to strong hybridization between the MoRe contact and MoS 2 which leads to metallic MoS 2 layers [25, 26] . For thicker flakes, transport occurs through first the proximitized layers due to hybridization and then by tunneling through non-hybridized (uncoupled) MoS 2 layers.
Fabrication of the vertical junctions is accomplished by first exfoliating commercially available MoS 2 onto a flexible polydimethylsiloxane (PDMS) substrate. 
MoS 2 Josephson Junctions
We now turn to the low temperature characteristics of the vertical MoRe-MoS 2 junctions. Figure   2 (c)). We attribute these sub-gap peaks to the well-known Andreev reflection process that takes place at the interface between a superconductor and a metal [29, 30] . The positions of the peaks in energy for multiple Andreev reflections (MAR) are given by eV n = 2∆/n, where n is a positive integer. In Figure 2 [21] , this estimate corresponds to a T c of 8.6 K which agrees closely with reported values for MoRe thin films [31] [32] [33] . MAR up to n = 4 suggests relatively transparent transport barriers (transparencies between ≈ 10% and 100%). We estimate the transparency of the interfaces given the excess current of the junction [34] . The excess current is the extrapolated current at V = 0 V from a fit to the normal state current vs. voltage (see dotted line in Figure 2(b) , here the fit is between 5 and 10 mV). For this single layer device we extract an excess current of 4.6 µA which corresponds to a contact transparency of ≈80% [34] . Similar high transparencies have been observed in Ge/Si [35] and InAs [36] Josephson junctions where Schottky barrier-free contact could be achieved.
Thickness dependence
In Figure 3 we present the low temperature layer dependence of the Josephson coupling for devices A-D having 1-4 layers. Figure 3(a-d) shows the V − I b curves for four devices measured at 1.2 K. The critical current decreases with increasing thickness but more importantly, we distinguish between relatively high critical currents for the single and bilayer devices and several orders of magnitude lower critical currents for the three and four layer junctions (see Supporting Information for critical current densities following the same trend and I c R n products as a function of layer number). The voltage carrying state provides further insight on the layer dependence. In Figure 3 (e-h) we plot dI/dV for higher current biases measured at 30 mK for devices A-D. The dotted lines mark the bulk superconducting gap edge (2∆ = 2.6 mV). While the single and bilayer junctions present high transparencies that give rise to MAR, the three and four layer junctions present opaque barriers resulting in the appearance of more well-defined quasiparticle gaps. We now discuss each regime in detail.
Starting with the single layer device (Figures 3(e) Figure 3 (i) where the hybridized layer is colored blue. This is a reasonable explanation for the metallic behavior we observe which is supported below for the thicker devices as well. Additionally however, it should be noted that the presence of defects [37] [38] [39] in the MoS 2 layers could give rise to metallic pinholes that would provide high transparency transport through the junction. A simple estimate for the size of a prospective pinhole can be made from the Sharvin resistance, the resistance of a metallic point contact: R s = 4ρl/3πa 2 , where ρ is the resistivity of the metal, l is the mean free path of carriers, and a is the radius of the pinhole [40, 41] . If we assume the single layer devices are undoped semiconducting layers with pinholes, for our single layer devices (A and E), we estimate point contact radii of 1 nm and 2.5 nm, respectively (taking, for simplicity, a resistivity and mean free path of ρ ≈ 5 Ωµm and l ≈ 10 nm for molybdenum [42] ). These estimates are possible given the size of reported defects in exfoliated MoS 2 [39] . Further investigation (junction statistics and cross sectional TEM) is required to determine the presence of (Figure 3(j) ). barrier. This is reminiscent of earlier niobium junctions with a thin aluminum layer resulting in a reduced gap [43] . The four layer device (Figures 3(d, h, i) ) follows this trend with a deeper quasiparticle gap. These simple models qualitatively explain the layer dependence of the presented junctions.
Conclusion
In conclusion, we have presented interlayer transport measurements on vertical MoRe- We anticipate the extension of this device architecture to other 2D materials and an interesting technological direction would be the use of insulating boron-nitride layers as uniform tunnel barriers replacing the standard AlOx barrier where less than 10% of the barrier area is active in transport [44] .
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The monolayer flake has a much stronger PL spectra due to the direct band gap nature as reported in literature. Adding more layers results in a more indirect band gap and weaker PL response. Figure S1 (b) shows two junctions fabricated using a flake with three and four layers. The corresponding AFM scans and PL spectra are shown in Figure S1 (c) and S1(d) respectively. Figure S2 shows the magnetic field dependence for devices E, A and B, two single layer and one bilayer MoS2 junction. The field is applied parallel to the sandwich, alloying flux to penetrate the MoS2 flake. Ideally, such measurements could reveal information about the spatial uniformity of the critical current in the junctions. However, all three devices show a stochastic switching of the critical current as a function of magnetic field, which we attribute to motions of pinned vortices in the disordered superconducting MoRe leads at fields far above the first critical field (Hc1) of the type-II superconductor.
Magnetic field dependence of the critical current

Critical current densities and IcRn products as a function of layer number
The critical current densities, like the critical currents, for each junction decrease with increasing layer number (see Figure S3(a) ). The single and bilayer devices are orders of magnitude higher than the trilayer device indicating the crossover to tunneling suggested in the main text. The IcRn products for each device are shown in Figure S3 
